A broadband microstrip-to-waveguide transition has been studied and testedfor low-cost microwave circuits on FR4 multilayer boards having an internal thick metal plate (1). It is obtained, at first, milling a slot in a thick metal plate. Subsequently the PCB is built up, using standard PCB process, inserting the thick metal plate as the second layer. In this way the slot resultsfilled with FR4 prepreg. A further simple milling process removes the lower layers up to the thick metal plate and creates a part of the waveguide transformer and an area for plate to metal housing connection. The transition integration in the multilayer is obtainedjustfixing the board on the metal housing which includes the rest of the transformer and the waveguide. Moreover, as the transition shows low sensitivity to manufacturing tolerances, the above process is characterised by high reliability and reproducibility.
INTRODUCTION THE STRUCTURE
Recent microwave transceiver design is moving towards low cost manufacturing (2), fully automated assembly and high production volumes. A multilayer PCB having a thick metal plate as an internal layer is particularly suitable to satisfy these features (3). In fact it allows to integrate microwave circuits (both high power and low noise) with IF, control and power supply circuits and can be obtained using the standard PCB process. To build a complete transmitter and/or receiver on such a structure a microstrip to waveguide transition is needed. The proposed solution is particularly suitable for the mentioned kind of board: in facts it results from the assembly process itself, without requiring any other specific interventions. Electromagnetic simulations have been performed and measures confirm low insertion losses and broadband performance due to the introduction of a waveguide transformer (4) (5).
It is possible to design microwave circuits on a low-cost FR4 multilayer PCB using the structure shown in Figure 1 . Microstrips are on the first metal layer [metl] Waveguide transformer: it is a rectangular waveguide obtained part [6] in the thick metal plate and part [7] in the metal housing [8] to match the slot to the waveguide below.
Waveguide: it is directly dug in the metal housing. These are the fabrication steps (see Figure 1 and Figure 2 ): 1. Such a microstrip to waveguide transition has been tested in a 28GHz Rx/Tx (see Figure 4 ,5,6). To evaluate the transition performance a coaxial cable has been soldered to the microstrip line just before the transition. The measures are shown on Figure 7 . Measures of saturated power of the transmitter and noise figure of the receiver confirmed low insertion loss of the transition. Figure 8 shows good match between simulation and measure results. 
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